Background: In this case-control study we investigated the relative contribution of commons APOA5 polymorphisms and haplotypes to the risk of metabolic syndrome in Moroccan patients.
Background
The metabolic syndrome (MS) is characterized by the clustering of several factors: central obesity, raised blood pressure, raised fasting glucose, elevated triglycerides (TG) and reduced high-density lipoprotein (HDL) cholesterol [1] . Hypertriglyceridemia is the essential lipid abnormality in MS, and is a direct consequence of the visceral accumulation of fat, for which the waist circumference is the best surrogate marker [2] .
In urban Moroccan women, the prevalence of MS was about 17.8% [3] . It is a multifactorial disease, besides environmental factors such as cigarette smoking, obesity, lack of exercise and bad nutrition habits, genetic factors also contribute to its pathogenicity [4, 5] . Apolipoprotein A5 gene (APOA5) was identified 30 kb upstream of the well-characterized APOA1/C3/A4 gene cluster on chromosome 11. Several studies suggested a strong correlation between APOA5 and plasma triglycerides levels [6] . Human APOA5 gene consists of four exons and encodes a 366-amino acid protein, which is produced only by the liver and associated with high (HDL) and very low (VLDL) density lipoproteins particles [7] . Numerous studies have confirmed the associated between APOA5 alleles such as 1131C, IVS3 + 476A, 1259C, 56G and elevated triglyceride levels [8, 9] . In addition, some APOA5 polymorphisms confer increased risk for the development of coronary heart disease and ischemic stroke [10, 11] .
Two APOA5 common polymorphisms; the −1131 T > C (SNP3) in the promoter region, and the c.56C > G in the exon 3 were significantly associated with TG levels in several population [12] [13] [14] [15] [16] . The APOA5 gene variant, c.553G > T (substitution of a cysteine for a glycine residue at amino acid residue 185(G185C)) was associated with higher TG levels in Asian populations [17] [18] [19] . In contrast, this variant was rare or absent in Caucasian populations [13, 20] .
The goal of the present study was to assess the relative contribution of SNPs in the APOA5 gene to the risk of metabolic syndrome and we studied the major APOA5 haplogroup profiles in MS patients in Moroccan Patients.
Methods

Study subjects
We dispose 283 subjects recruited from Pasteur Institute of Morocco in Casablanca, aged between 20 and 60 years, are from various geographic regions of the country and are from different ethnic origin (Arab, Amazigh and Sahraouis). Metabolic syndrome was diagnosed according to the criteria of International Diabetes Federation (IDF) [21] . All patients must have central obesity (waist circumference ≥ 94 cm for males or ≥ 80 cm for females) plus at least two of the following criteria: (1) raised triglycerides level: ≥1.7 mmol/l (150 mg/dL) (or specific treatment for this lipid abnormality); (2) reduced HDL-cholesterol: < 1.03 mmol/L (40 mg/dL) in males and < 1.29 mmol/l (50 mg/dl) in females (or specific treatment for these lipid abnormality); (3) raised blood pressure (BP): systolic BP ≥130 or diastolic BP ≥85 mmHg (or treatment of previously diagnosed hypertension); (4) raised fasting plasma glucose (FPG): FPG ≥5.6 mmol/l (100 mg/dl) (or previously diagnosed type 2 diabetes). Subjects who met the IDF definition for metabolic syndrome were defined as patients, and the remaining individuals were assigned to the control group. The exclusion criterion of patients and controls was the presence of any disease known to influence serum lipid levels, such as thyroid disease, renal failure or liver disease. All participants signed informed consent forms, and the study protocol was approved by local Committee on Research Ethics of Pasteur Institut of Morroco.
Clinical and biochemical measurements
Clinical and biochemical parameters were measured by standard laboratory procedures. Weight and height were measured to determine body mass index (BMI). BMI was calculated from height and weight of the individual by the following formula: Weight (kg)/height (m) 2 [22] . Height is usually measured to the nearest 0.5 cm with stadiometer, without shoes. The weight is measured to the nearest 0.1 kg on a medical balance scale, the individual is lightly dressed and without shoes Waist and hip circumference were also measured. The systolic and diastolic blood pressure was measured using a sphygmomanometer after 5 minutes minimum of rest in a sitting position. Both strains were expressed in mmHg (millimeters of mercury). At the end of each questionnaire, a blood sample was collected in 2 tubes (for biochemical analysis and for DNA extraction). Fasting glucose, triglyceride (TG), total cholesterol (Total-C), LDL cholesterol (LDL-C) and HDL cholesterol (HDL-C) were measured after 8 hours of fasting. All assays were performed using an automatic (VITROS).
Molecular analysis
Genomic DNA was extracted from peripheral blood leukocytes by standard phenol-chloroform method. To detect the -1131 T > C (rs662799), c.56C > G (rs3135506), c.553G > T (rs2075291) and c.1259 T > C (rs2266788) polymorphisms, polymerase chain reaction (PCR) conditions and restriction fragment length polymorphism (RFLP) analyses were performed according to previous published protocols [23] [24] [25] [26] (Table 1) .
Statistical analysis
Quantitative data were expressed as means ± standard deviation (SD). Differences between subject groups, genotypes and haplotypes for continuous variables were assessed by Student test. Manne-Whitney test was used for variables not normally distributed. Chi-square test was applied to examine differences in genotype distributions between cases and controls. Odds ratios (OR) with 95% of confidence intervals (CI) were calculated to assess strength of association. All ORs were adjusted for sexe, age and body mass index (BMI). Statistical analyses were performed using STATA software, version 11.0. The PLINK software v1.07 was used for haplotype frequencies estimation and comparison.
Results
Clinical and biochemical characteristics of MS patients and control subjects are shown in Table 2 . Serum triglycerides, total cholesterol, LDL-Cholesterol, HDL-Cholesterol and fasting plasma glucose levels, BMI, Systolic and diastolic blood pressure values were significantly elevated in the MS group compared to the controls.
The results of all analyses of association with disease status are shown in Table 3 . The statistical analysis showed that the APOA5 -1131 T > C polymorphism was significantly associated with MS in both Codominant (OR = 10.13; 95% CI:4.65-22.06; p-value < 0.0001) and Dominant (OR = 7.82; 95% CI:3.79-16.14; p-value < 0.0001) models. For the APOA5 c.56C > G polymorphism the statistical analysis showed a significant association in the codominant and dominant models with p-value = 0.035 and 0.032 respectively. On the other hand the data analysis of c.553G > T and c.1259 T > C APOA5 gene polymorphisms showed a no signification association between this SNPs and MS in all genetic models.
Additionally, we grouped the carriers for the rare allele for all SNPs and compared their frequency against the common allele for all parameters of MS (Table 4) . Carriers of the APOA5 -1131C variant were associated with increased fasting glucose (p = 0.0295) and reduced HDL levels (p = 0.0091), compared with noncarriers in MS patients and controls. For the carriers of the APOA5 c.56G variant were associated with increased triglyceride levels (p = 0.0435) and Waist circumference (p = 0.0122), compared with noncarriers in MS patients and controls. Similarly for the APOA5 1259 T > C variant were associated with increased Waist circumference (p = 0.0463).
The PLINK program was then used to estimate haplotype frequencies and identify haplotype association with disease ( Table 5 ). The study data show that haplotypebased analysis appears to confirm the SNP analysis with respect to the association of -1131C and 56G alleles with MS. Two haplotypes showed significant association with MS. Haplotypes CCGT (OR = 3.223; 95% CI:1.43-7.25; p = 0.00278) and CGGT (OR = 8.234; 95% CI:1.6-42.5; p = 0.00534) confer susceptibility to MS, The data for the haplotype association are shown in Table 6 . We found only nominal association with BMI (p = 0.0269) and waist circumference (p = 0.0268) for haplotype CGGT.
Discussion
During the last years, the rapid increase in MS prevalence in industrialized countries coupled with its devastating complications on human health, mainly because of a higher risk for developing cardiovascular disease, a leading cause of death [4] . MS attracted a substantial interest in deciphering the major genetic factors that contribute to its pathogenic mechanism [27] .
The role of APOA5 polymorphisms (−1131 T > C, c.56C > G, c.553G > T and c.1259 T > C) and their involvement in various diseases have been studied extensively throughout the world in different populations. To our knowledge, this is the first study to test the association between APOA5 polymorphisms and MS in the Moroccan population.
We found a strong association between -1131 T > C polymorphism and MS in both dominant and codominant models. This association was previously reported by Maasz et al. in European subjects [25] . A metaanalysis showed that the -1131 T > C polymorphism was significantly associated with the MS risk in Asian populations [28] . Obese adolescents with the -1131C allele had an increased risk for the development of metabolic syndrome [29] .
The c.56C > G (p.Ser19Trp) polymorphism, resulting in a substitution of hydrophilic serine to hydrophobic tryptophan, showed an association with the MS in both domimant and codominant models. On the other hand, the statistical analysis of genotype distributions revealed no association between c.553G > T and c.1259 T > C APOA5 polymorphisms and MS. In Japanese population, the c.553G > T variant significantly associated with hypertriglyceridemia [30] .
Several SNPs in the APOA5 locus have been identified in humans, four of them, the -1131 T > C, IVS3 + 476G > A, 1259 T > C and c.56C > G represent the most common Table 1 variants. As these genetic natural variants have an effect on the transcriptional activity of apoa5 protein, some alleles have been reported to be associated with high plasma TG levels. The association between -1131C, IVS3 + 476A and 1259C alleles and high TG levels was confirmed in patients with the metabolic syndrome and in healthy controls [26] . The -1131C allele was significantly associated increased serum triglyceride levels in Korean subjects [31] . The modified triglyceride metabolism may be involved in the abnormal accumulation of fat in the vascular endothelial cells, and in pathological conditions, it may also be involved in the formation of atheroma plaques which are associated with disease processes leading to the appearance ischemic vascular diseases. The -1131 T > C polymorphism have been reported to confer risk of coronary heart disease and ischemic stroke in many studies in different populations [10] [32] .
In this study we found that carriers of the APOA5 -1131C had increased systolic blood pressure, fasting blood glucose and reduced levels of HDL. Similarly, other studies reported a significant association between low HDL and this variant in Caucasians [33, 34] and Asian populations [30] . In nonobese Korean men, no significant association was found between APOA5 -1131C variant and fasting plasma glucose [15] .
In addition, carriers of the APOA5 c.56G allele had an increased TG levels and waist circumference compared to patients and controls non-carriers of this variant. A similar result was reported in several studies [35, 36] . Moreover, the APOA5 c.1259 T > C variant was associated with higher waist circumference.
Cross-sectional studies have shown that several polymorphisms in or near the APOA5-A4-C3-A1 gene, are associated with triglycerides. In a performed in 199 subjects from North Iranian population, two APOA5 gene polymorphisms, −1131 T > C and c.56C > G were significantly associated with Triglycerides and Waist-to-Hip Ratio, respectively [37] . Among patients with clinically manifest vascular disease, the polymorphism rs964184 in APOA5-A4-C3-A1 gene cluster was associated with higher plasma triglycerides concentrations [38] .
Our results show no association between APOA5 c.553G > T polymorphism and clinical and biochemical parameters. In Asian populations, the minor allele of the APOA5 c.553G > T polymorphism was associated with higher TG levels [19, 39] . This functional variant occurs in the coding region of APOA5 gene and causes a substitution of a cysteine by a glycine residue, was suggested as prognostic indicators for hypertriglyceridemia risk in Chinese [17] . Another study suggests that the APOA5 c.553G > T polymorphism has no influence directly in the expression of the APOA5 [39] .
In this study, we performed haplotype analysis to evaluate the susceptibility to MS. We observed that the CCGT (APOA5*2) haplotype determined by the combination of alleles -1131C, c.56C, c.553G and c.1259 T is associated with the MS (OR = 3.223, 95% CI:1.43-7.25, p = 0.00278), but no association was found with biochemical parameters. However, Kisfali et al. found an association between the haplotype APOA5*2 and high plasma TG levels among patients with MS and controls [26] , the same result was found in other studies in normal subjects [13, 40] .
We found a second association between the CGGT (APOA5*5) haplotype and increased risk of MS (OR = 8.234, 95%CI: 1.6-42.5, p = 0.0053) and higher BMI (p = 0.0269) and waist circumference (p = 0.0268). Among the Hungarian population, the APOA5*2 haplotype (the combination of -1131 T > C, IVS3 + 476G > A and 1259 T > C SNPs) confers risk for the development of MS (OR = 2.880; 95% CI: 1.567-5.292; p = 0.001), and a novel haplotype APOA5*5 (1259C allele alone) with a protective effect against MS was identified [26] . In 2005, Talmud et al., showed that the polymorphism c.56C > G which characterize the haplotype APOA5*3, reduced about 50% secretion of the protein apoAV in a cellular model of translocation of the protein across the endoplasmic reticulum, which could explain the increased plasma TG in carriers of the APOA5*3 haplotype [41] . Several studies performed association analysis using haplotypes constructed with SNPs located in different genes including APOA5. A particular haplotype determined by SNPs in APOA5 and ZNF259 genes, showed significant association with TG:HDL-C ratio and the risk of MS in both genders with marked effects in women [42] . Analysis of constructed haplotypes with SNPs in MTHFR, APOA5 and APOC3 genes, showed a highly significant association between one haplotype and MS in the Greek Population [43] . Gene-gene interaction suggested that polymorphisms in APOA5 and BTN2A1 genes may have synergistic effects on the development of MS in Japanese individuals [44] .
There are some limitations in this work, mainly the low sample size. Replicating our findings in larger Moroccan cohorts from different ethnic groups and geographic regions, could overcome these limitations and provide sufficient statistical power to reach clear conclusion on the role of APOA5 polymorphisms in metabolic syndrome susceptibility. Moreover, only four SNPs in APOA5 gene were investigated in this study, we cannot exclude the possibility that other SNPs or particular haplotypes may have a significant impact on genetic susceptibility to metabolic syndrome. The target of our future studies is investing the association between high number of SNPs per gene and genetic susceptibility to metabolic syndrome, in large cohorts from Moroccan population.
In conclusion, we found that the APOA5 (−1131 T > C and c.56C > G) variants and haplotypes (CCGT and CGGT) were significantly associated with susceptibility to MS in Moroccan patients. This finding suggests that APOA5 polymorphisms and haplotypes could be used as predictive indicators for MS in Moroccan population. In addition, prompt diagnosis and treatment of individuals with multiple risk factors, and will contribute substantially to prevention by adopting a healthy lifestyle and reducing future complications.
